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(57) Abstract: The invention relates to solid polyelectrolyte membranes and processes for their production. As solid polyelectrolyte 
materials, there have been known fluoropolymers which have perfluoroskeletons and side chains bearing sulfonic acid groups and 

heat-resistant resins which have hydrocarbon skeletons and contain alkylsulfonic acid or alky 1 phosphoric acid groups introduced 

1^ thereto. The fluoropolymers are excellent in heat resistance and chemical resistance but have the problem of being expensive, while 
the heat-resistant resins have the problem of being poor in chemical resistance. Further, solid polyelearolyte materials having higher 
electric conductivities have been desired. With the purpose of providing solid polyelectrolyte membranes having satisfactorily high 
fS| electric conductivities and being excellent in heat resistance and chemical resistance and processes for producing the membranes, 
solid polyelectrolyte membranes are made from resins bearing both phosphoric acid groups and sulfonic acid groups which resins 
are obtained by copolymerizing a monomer bearing in the molecule a phosphoric acid group and an ethylenically unsaturated bond 
with a monomer bearing in the molecule a sulfonic acid group and an ethylenically unsaturated bond. 
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Scm- W^SfflOi^ 1/ ^jlfm-i* ^^f-o 

20 lli3(a) fiUJt^y 3:S.T>*4 ©@#:i^:»-^««?K=i«^M{CoV^T, iagT(°C)<t^ 
m^log (a/Scm-i) i: cDP#,^^-ri5^7 :7T'fe 9 . 

1213(b) f4*»!)7S:t^'8c7)il{2^S^^^«^fK1t^M{coV^T. MT(»C)t^ 

m^iog (a/Scm-i) t (o ^^^t ^'yyxh'o. 

25 m^log (CT/Scm-i) <t O Sl#^ ^^i- ^"yyX'hV. 

1113(d) (t*]Ste0>Jli:S:t>*12<D@#:iii^^^mj^f Kl^-^^fcov ^T, MT(°C) t m 

1213(e) f**»r|l5^T>'J:blg5^|iJ3 0|lft:ift:$>^^m^i?®=l^'&)ii{-Ol/>T. U& 
T(»C) t ^m^log (a/Scm-i) t (Dm^^%:^-t^7 -7 T'fc . 
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T(°C) t mmmiog (a/Scm-i) t (O gg-^ tr:^-r 7 7 s o 

10 TIB-«£^(A): 

H2C=C R2 O 

0=C— 0-(cH2-CH-d);p-P— OH ••• (A) 

OH 

(1) y V^S^^^^fP¥»#: 

C*Le)Om*f*{4^^^ 5^^7/1- (tt) ;e>^e>^p°n^ Phosmei-TM i: L-TMTD^tLT 
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CH3 
H2C=C 

0=6 O 

0-CH2-CH2-0-lj'-OH 
OH 



Phosmer™M 



CH3 

H2C=C 

O-CH2-CH2-O-P- OH 



Phosmer™MH 



O- +NH2-CH2-CH2-OH 



3--^ p p-2-T->«v K • 



9H3 
H2C=C 

0=C CH2CI O 

6-CH2-CH-0-^-OH 
OH 



Phosmer'^'^CL 



H2C=CH 

0-CH2-CH2-0-|j'-OH 
OH 



Phosmer'^'^A 



tK U :t 4r V X 5^ U > -if ij zj — ;u 



CH3 
H2C=C 

o=c 



6-{cH2-CH2-O^P-OH 



n=4-5 



OH 



Phosmer™PE 



CH3 

K • 7nx7fx;i-drv ^20=0 Phosmer™PP 
'-K'J^r^'rv^^PeUL^r.ja-^U 0=9 CH3 O 

^^'^^'JL.-h 6-(cH2-CH-o);;-P-OH 

n=5-6 " 
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*2 



if\^— K (Phosmer™) 


M 


IVLXX 




A 


J. JuJ 


PP 




210 


271 


258-5 


196 


333 


440 


ttsfi (at 20*0 


1.392 


1.302 


1 453 


1.468 


1.248 


1.157 


®4ff^ (ndat20°C) 


I.40DZ 


1.4ol0 


1.4 /OO 


i.4bo4 


1.4byD 


1.40 / / 


(poise at 20 °C) 
BrookfieldM^i^fl- (n-^' 
No.) ICJ;I9SIJ^ 


80 
(No. 1) 


800 
(No. 2) 


700 
(No. 2) 


320 

(No. 2) 


25 
(No. 1) 


55 
(No. 2) 






533,3 


206.6 


433.3 


571.4 








500t>lT 


196 


410iJi.T 




320 


255 






9.4 












(wt % at 20*0 


4,1 


4.3 


1.3 


9.4 






(wt % at 25°C) 










4.0 


3.2 














V' yt' y, 

hi'xy, 

^i/i/y 



5 (2) *S'^L.#^teW«afPmfif*: 

(2-2){c:;»cSiJ-et So 

(2-1) m^t:^^-t?>^mDmMi^ 
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T y yu^/uxj,^^,^ iJ^T y /i^^yW:d^>'^fi.^<^T D degradative chain 

10 transfer ^®^i-(^-C% ftffiS^ 65 S»%*?^<bi--5<^;5^$?*UV\ :Lfh(b>(D 

15 T^i^V^ 

(2-2) ®^^^-^^L;ici/^:^^fo^S#: 

(2-1) {C|B^UfcUi^T% ^?aT'^#:T'/£< . 1 {@ii;LJi(^:3c^ l^^tt 

t {:^^) T^ya=hyyK (;^ :?) T ^ ]) ji-m=i^:^T/i-m^W:^Xi±Mm^ 

y ^) y I— -^=^-y-p< /i-v? i?') y u— 

25 (3) ^:¥mfDmMi^<DmAtt 

y ^^*-t-^^l&fP¥l:f*(l) <t<t!iO^I&fa^ftft:(2) (^m:gJ:k(l)/(2) (i . 
100/0~20/80 0^?Sia-C*>5*S, ]{t? ^ L < ti(l)/(2) = 80/20~50/50 T'fc-So ^ 
{til£^^t&fP¥fl:f*:(2) (D^X\ ^S^-^^f -5^l&fD¥ft<*:(2-l) t ^tbi^ArJ'KO 

^f^fD^4f*(2-2) (^fi*J:b(4. h i^-^m^i^y°y ^^Jj^'t hfchir{2-i) 
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100/G~20/80. b < « 80/20~50/50 "Cfe «9 . ^yV/i^ l^m. 
5 *-B*^^fP¥fi#:/ftil(^^S-^^^l&fP¥ft#:c^m*tbfi 100/0—50/50 T'fe 

(1) R-(GO)x-R' (R, R'= 7Kl^:Jif*^^b7K3fe*. x=2~3) tCcfc (Pl^^tb^P^ 

(2) ,R-CO-CHOH-R' (R, R'= TK^Xfi^-fbTfc^*) {c: J: *^i^aa■;*/^/-K=- 
(3) R-CH(OR")-CO-R' (R, R', R'=-^'fb7k^S) (-J: O^^n-STv^o-l' ^ • 

15 (4) Ar-GR(OH)-CO-Ar (Ar= T y —/W^. R= ^{b7K^*) (CI J: ^3*^tbSa- 
(5) ^m^yi^m im:^it9,io-T>y^9^y i^m t^h^o 

%-m.^mi.hn(D^mm-i.. ^mm^-^W(D%%{^mcn\.x 0.5-5 
20 mm. ts-^ L < f± 1—3 mM%(Dm.mx'h^o 0.5 ss%7^?^fc t . m'^<om^t^ 

t \^X ^ y Tir h >^c^^m^^^^J^AD;tT'b^i/\ 
[III] M^i/- K 
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T-mM. mmt^mih^-^. mw^mtt^h^^'^'y— vcDnmt io~6o mg/cm2. 

$f ^ L < 10~40 mg/cm2 T'fe (9 . 1~60 nm. L < 5~40 ^im (D 

m^k) lli<^?£^7)S 100»C7£< *-C±#-rs:: i:i>fcStD-C\ -t;h,{i:»;t5<^ 

(3) tffl|:7^yVA 

Jj^^^fli. 7Ky:i.-7"/U^-7"/K:r hv#fl^, 5 K#flg, Tjfy-Y^ K#lig, 
25 m^?bfc.n:k^\>^:)5tm^\^<. 40-50% (*|-^®^) T'fcSO;5S^*u 

v\ tttJlg:7^'y^A(DJ?:$fil~40^m;4s$^*L<. 5~25 t^^ia^sj; 
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hymAmR^iii^<Dm-^itit 1/20-1/2 (Dmmx'.h^<D7imt. 
[IV] mwM^^^mmv: m^) m<Dmmj^m 

My^m^m\-^^. TKy /°-:7;^;^^a t-zz/um-T^/p^flg (PFA). .i^ j; 7 
it;t-::^y7=-'V<»flg (PVDF) ^(Oy ym7^mm(DiiiL. 3-;>^ '^JU^^'Tiym 

fo¥s^$:mi^fe#)^^^Mc:f^«9 tb-Tiei'^/iSfc^o ■f5ijx.f*'ii§s->— h^mm-t^m 
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V\ ^fi-^NfO^r^MBSIt^^^fi 5~50 mW/cm2. Ut. b < fi 10-25 mW/cm2 

@f*ift5>^«^K (M-^) ^<Dm $ fi 300 Kim i^^T. *f * L < 10-100 ^im, 
J: !9 b < 10-30 ^iin <b 
*^P^SrOTt^*Jfe^J}^J; ?)Hfcf3^^NBtcUiPJ-r^;6s, ^^P^fi^tubtcpg^ 

IIMMi—ie. i*:i|ijMi~4 

DiML/c^. ^gSfnm»i*:^^*:Sr 100m»%<b LT. ^fi-g-^I^^^Ji LT 2 fi 
4%CD-^ =Jr^T 651 (2,2->'7< h =^r v'-l,2- v':7 a: ^/U-^-^' :/-l-::<^>') 
Sfi%<^^>'^J*'=3i^::i.T 500 (1- 1 V\:i^\yiy::7 u^^\yjVZ7 ^=.;V^ h + 

v-y =i-:^SiJil^J<l:^^ Lfc;<f7^2p*K2*fi:oP^fc^iafDm4#:|a^ife'^mM 
5S S^- h ^A/J^'o iiJfiE7i<^JlT (m^ffi# M h ^ =ar ^ T 400, HC-0411 M) 

^:ffiV>T, ^^fPmic#:Mfi&«^-^^^i5iv^- htC 20mW/cm2O^^,^^Bf^B# 
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^3 



m No. 


nm^ij 1 




mmms 


(wt. %) 


Phosmer M 


50 




50 


Phosmer PP 


50 


95 


50 


PSSA(i> 








HDDA(2) 




5 




MeOH (wt. %) 


0 


50 


75 


0 


50 


75 


50 


75 


>- h 


mm 


GF 

GHN-30CGL(3> 


G] 
GH 


N-30CGL 


GF^^^ 
GMG-050E(4) 




30 


30 


50 


mmmm im+m (sec)] 


40 + 40 


40 + 40 


40 + 40 






9.6 


7.5 


4.7 


8.5 


6.1 


4.2 


7.2 


4.0 




mi- 


mj 












J¥^(nm) 


170 


140 


110 


160 


130 


110 


170 


120 


<^^^ 


No 


No 


Yes 


No 
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^3 



m No. 


mMM4 


MMM 5 




(wt. %) 


Phosmer M 




50 


— 


Phosmer PP 


95 


50 


95 


PSSA<i> 




— 


— 


HDDAte) 


5 


— 


5 


MeOH (wt. %) 


50 


75 


75 


50 




. 


GF ^i^* 
GMC-050E 


GF ^(6) 


GF^ 


i?FS:(mg/cm2) 


50 


40 


40 


.P.MB#^ [^+« (sec)] 


40 + 40 


40 + 40 


40 + 40 






6.0 


5.0 


4.5 


5.3 








^0 












160 


100 


90 


87 




Yes 


No 


No 


No 
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^3 m^) 



m No. 








(wt. %) 


Phosmer M 


50 




50 


Phosmer 
PP 


50 


95 


50 


PSSA(i) 








HDDA<2' 




5 




MeOH (wt. %) 


75 


50 


. 75 




mm 


PAN 


PAN^ft 


XL- 1040^7) 


J5F4(mg/cm2) 


38 


38 


40 


.BSttB#rpl [^+« (sec)] 


40 + 40 


40 + 40 


120 + 120 




^iy~ ^(10) 


3.8 


5.0 


13.3 ■ 




km- 
















75 


70 


200 




Yes 


Yes 


Yes 
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^3 m^) 



Fll No. 


^mm 10 


Mi^m 11 


MMm 12 


(wt. %) 


Phosmer M 


— 


50 


— 


Phosmer 
PP 


95 


50 


95 


PSSA<i> 


' — 


— 


— . 


HDDA<2) 


5 


— 


5 


%f?^J MeOH (wt. %) . 


50 


75 


50 




mm 


XL- 1040 






J5p»(mg/cm2) 


40 


35 


35 


Ri^B#ffi (sec)] 


120 + 120 


120 + 120 


120 + 120 






10.1 


5.6 


4.7 




An 


An 


An 












190 


45 


38 




Yes 


Yes 


Yes 
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^ 3 (S^^) 



-irii No. 


mmm is 


Hit^J 14 


^JfeM 15 


(wt. %) 


Phosmer M 


50 


— 


50 


Phosmer 
PP 


50 


95 


— 


PSSA^P . 


^ . 


— 


50 


HDDAte) 


— 


5 




^^3ii^S>J MeOH (wt. %) 


50 


50 


70 




mm 


6022(9' 


^^-1'3}fr 6022 


GF ^nSc^ 
GHN-30CGL 


i^4(mg/cm2) 


25 


25 


30 


BBi4^5g im+M (sec)] 


40 + 40 


40 + 40 


60 + 60 




J, (10) 


3.1 


2.7 


2.3 


















W:^(Mm) 


37 


20 


104 




No 


No 


Yes 
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^3 m^) 



m No. 


MMM 16 


J:bg5^J 1 




(wt. %) 


Phosmer M 


50 


50 


— 


Phosmer 
PP 


— 


50 


95 


PSSA(i) 


50 


— 





HDDA<2) 


— 


— 


5 


MeOH (wt. %) 


70 


50 


50 




mm 








f¥fi(mg/cm2) 


50 






fi^^B^fB^ Lm+m (sec)] 


60 + 60 


40 + 40 


40 + 40 






0.8 






















J? ^ (Mm) 


100 


30 


m 20 




Yes 


No 


No - ■ 
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*3 (i^^) 



m No. 


itmm 3 




Mm 

(wt. %) 


Phosmer M 


— 


— 


Phosmer 
PP 


— 


. — 


PSSA(i) 


100 


100 


HDDA(2) 


— 


— 


MeOH (wt. %) 


82 


82 






GHN-30CGL 




^»(mg/cm2) 


30 


50 


Ri^B#rBl (sec)] 


60 + 60 . 


60 + 60 






1.4 


0.3 






^0 










52 


100 




Yes 


Yes 



i£:(l)PSSA: p-;^^ W>-J?^/l':^ 

(2)HDDA: --^-t^^ 9^ u:/^';^— ^l^i/T^ U h 
5 (3)GF {i^'y:^^7^^<-) GHN-30CGL (i^»(**)M<^Tt=i|S 

(4) GF (ir7;^:7r-C^<-) ^« GMC-050E (3E^M^(t*)MOlfi|RD=o) 

(5) GF (i/7;^:7 7^x-<-) Jjift (|55ri^$iJ^(*5^)M(Dfftf^fD) 

(6) PAN (zKy y P- h y/u) *ee (P5rfeM*ft(*)M<^f*^^^?.) 
10 (7) 5 K^^^p XL- 1040 (0 3^^<-r y -:/(^)i^0^f^B"p) 

(8) 5 K^fE (^^^^(ftMOMf^D^n) 
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(9) PE(:5K V)^#7L7 ^ A /^-r tKT tm6022 ( jlB^lififeX|i|(:*) 

(10) ^flg/M5i*ti^-h©MJ:ko 

-a•|^O^$« 20~200^m©|£fflT'fc^/6S, Mstv^- h<^J?PS. MStv— > i: 
1113(a) ~(£)(c^-r^m^^e). *^5Jogl#:]«^^m^?Mi«'^^£7D^M}i 

10-5-10-2 scm-i (D^-y-Tsh 9 . y ^^M^^tt^Sii-^i^^^mj^?® <b u 
■r^mi^i^i^^mM^'tm (*»J 15 le) mm\i(Dm&ik^m> 

^ L> < iS< . 30~80»C (^)?g.^^ia-C' 10-3~10-2 Scm-i <!r ii5v^5»mtt^^ b/Co 

^(oMi&m-^Pf%:m\f^x^^?>tLtb. m-mm 15 le (DIl#:^^^^^tt^lK1S'^ 
s^<t{i0jb;o^T'fe^o m^xm\'^mm^^^^>m^^ti^j:^^mmai. list 
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0=C— 0-^CH2-CH-0j;;^P— OH (A) 

OH 

15 4. §*^^l~3c7D^^-ftu;&^^:fBm(^@#:i^^T■m^¥®fli^^l*3^^T. buIB^/u 
. ^^^««?®fli^M5t-t-5;^jfe-e^oT. ^-^[^{d 1 f@ijiji(^ y ^^^^^^ i jUi^^ 
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TIB— ^5t(A) : 

0=C— 0-^CH2-CH-0jj^P— OH ■•• (A) 

OH 

cH2ciT'fe 5 c t t -r-S^^jfeo 

10. y ^^M-a^^^g i M3ii/- h i T^^-ep ^ d <b ^WMt^h-:fn h ^--fs^ 

11. if*IIlo^c:fB<fe©laf*i^:^^«^g1t'^fl^^c4Bv^T. mis y ^^^^^^^n^ 

12. ft*^l0Xf±il^.^:|B«4O@#:^^5:9■^m^m^#l«^c:*3V^T. SGsBy^'^S 
M^^Sfn^Sftrtt. TiE-J^^(A): 

H2C=C R2 O 

0=C— 0-(cH2-CH-o);^P— OH •■•(A) 

OH 

13. ft*^gl2^^fB«oll#:;i^:$^^m^sr^'^l^{c*3v^-c. RifinxttCHsT-fe 
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The claim of this international application describes inventions 
in claims 1 to 43 . A group of inventions set forth in these claims can 
comply with the requirement of unity of invention only when there is a special 
technical feature which makes the group of inventions so linked as to form 
a single general inventive concept. 

Therefore, a discussion is made on whether there is a special technical 
feature which makes a group of inventions set forth in claims 1 to 43. so 
linked as to form a single general inventive concept . A group of inventions 
set forth in claims 1 to 43 are linked only by a matter, i.e., ^^a solid 
polyelectrolyte membrane comprising a resin bearing phosphoric acid groups" , 
but this matter is disclosed in, e.g., OTP 57-115426 A (Asahi Glass Co., 
Ltd.), 17 July, 1982 (17. 07. 82), JP 64-22932 A (Tonen General Sekiyu K. K .) , 
25 January, 1989 (25. 01. 89) , JP 7-296634 A (Asahi Chemical Industry Co., 
Ltd.) , 10 November, 1995 (10. 11. 95) , and so on, thus being not a special 
technical feature. 

Among a group of inventions set forth in claims 1 to 43, therefore, 
there is no special technical feature which makes the group of inventions 
so linked as to form a single general inventive concept . Thus, it is apparent 
that a group of inventions set forth in claims 1 to 43 do not comply with 
the requirement of unity of invention. 

Then, a discussion is made on the number of groups of inventions 
which are each so linked as to form a single general inventive concept, 
i.e., the number of inventions. 

Form the viewpoint of specific embodiments of inventions set forth 
in independent claims, the claim of this international application describes 
six groups of inventions, that is, claims 1-4, claims 5-9, claims 10-17, 
claims 18-25, claims 26-34, and claims 35-43. 

A group of inventions set forth in claims 10-17, 18-25, 26-34, and 
35-43 are linked by a matter, i.e., ''a proton -conductive solid 
polyelectrolyte composite membrane characterized by comprising both a resin 
bearing phosphoric acid groups and a supporting sheet" which is the invention 
of claim 10. However, this matter is also disclosed in, e.g. , JP 57-115426 
A (Asahi Glass Co., Ltd.), 17 July, 1982 (17. 07. 82), JP 64-22932 A (Tonen 
General Sekiyu K.K. ) , 25 January, 1989 (25. 01. 89), JP 7-296634 A (Asahi 
Chemical Industry Co., Ltd.), 10 November, 1995 (10. 11. 95), and so on, 
thus being not a special technical feature. Since the matter set forth 
in claim 10 is, as described above, not a special technical feature, there 
is no special technical feature between the invention of claim 10 and the 
invention of claim 11, 12, 14, or 16 referring to claim 10 which makes the 
inventions so linked as to form a single general inventive concept . 
Furthermore, the matter of claim 16 referring to claim 10 is also disclosed 
in, e.g., JP 57-115426 A (Asahi Glass Co., Ltd.), 17 July, 1982 (17. 07. 
82) , JP 64-22932 A (Tonen General Sekiyu K.K.) , 25 January, 1989 (25. 01. 
89) , JP 7-296634 A (Asahi Chemical Industry Co., Ltd.) , 10 November, 1995 
(10. 11. 95), and so on, thus being a special technical feature. Between 
the inventions of claims 16 and 17 referring to claim 10, therefore, there 
is no special technical feature which makes the inventions so linked as 
to form a single general inventive concept. 

Meanwhile, claim 5 describes a process for producing a solid 
polyelectrolyte membrane set forth in claim 1, claim 18 describes a process 
for producing a solid polyelectrolyte composite membrane set forth in claim 
11, and claim 35 describes a process for producing a solid polyelectrolyte 
composite membrane set forth in claim 26? and it cannot be denied that the 
matters set forth in claims 1, 11, and 26 are each a special technical feature 
which makes the inventions so linked as to form a single general inventive 
concept. Further, there is no other matter which can link a plurality of 
inventions set forth in the claim. 
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Thus, claims 12, 14, 16, and 17 each describe an invention lacking 
a special technical feature because of its referring to claim 10 and an 
invention involving a special technical feature by virtue of its referring 
to claim 11. Further, the inventions referring to claim 10 are each one 
invention. Therefore, the claim of this international application 
describes eight inventions, that is, a group of inventions of claims 1 to 

9, the invention of claim 10, the invention of claim 12 referring to claim 

10, the invention of claim 14 referring to claim 10, the invention of claim 
16 referring to claim 10, the invention of claim 17 referring to claim 16, 
a group consisting of the inventions of claims 11 and 18 to 25 and the inventions 
of claims 12 to 17. referring to claim 11, and a group of inventions of claims 
26 to 43. 

As indicated on the extra sheets, a group of inventions set forth 
in the claim can comply with the requirement of unity of invention only 
when there is a special technical feature which makes the group of inventions 
so linked as to form a single general inventive concept. However, the claim 
of this international application describes eight inventions, that is, a 
group of inventions of claims 1-9, the invention of claim 10, the invention 
of claim 12 referring to claim 10, the invention of claim 14 referring to 
claim 10, the invention of claim 16 referring to claim 10, the invention 
of claim 17 referring to claim 16, a group consisting of the inventions 
of claims 11 and 18-25 and the inventions of claims 12-17 referring to claim 
11 ; and a group of inventions of claims 26-43. 
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